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INDICATING DEVICE WITH ESTIMATING FEATURE 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 This application claims priority under 35 U.S.C. 1 19 of Danish application no. PA 

2002 01448 filed September 30, 2002, and U.S. provisional application no. 60/416,857 filed 
October 8, 2002, the contents of which are fully incorporated herein by reference. 

FIELD OF THE INVENTION 

10 

The present invention relates to an indicating device for conveniently providing a user of a 
portable drug delivery device with information in respect of the delivery process, as well as a 
system comprising a drug delivery system in combination with an indicating device. 

15 BACKGROUND OF THE INVENTION 

In the disclosure of the present invention reference is mostly made to the treatment of diabe- 
tes by infusion of insulin, however, this is only an exemplary use of the present invention. 

20 Diabetes mellitus is the common name for at least 2 different diseases, one characterised by 
immune system mediated specific pancreatic beta cell destruction (insulin dependent diabe- 
tes mellitus (IDDM) or type 1 diabetes), and another characterised by decreased insulin sen- 
sitivity (insulin resistance) and/or a functional defect in beta cell function (non-insulin de- 
pendent diabetes mellitus (NIDDM) or type 2 diabetes). 

25 

The principal treatment of type 1 diabetes is straight forward substitution of the missing insu- 
lin secretion, whereas treatment of type 2 is more complicated. More specifically, in early 
stages of type 2 diabetes treatment a number of different types of drugs can be used, e.g. 
drugs which increase insulin sensitivity (ciglitazones), decrease hepatic glucose output (e.g. 
30 metformin), or reduce glucose uptake from the gut (alfa glucosidase inhibitors), as well as 
drugs which stimulate beta cell activity (e.g. sulfonylurea/meglitinides). However, the above- 
described deterioration is reflected in the fact that beta cell stimulators will eventually fail to 
stimulate the cell, and the patient has to be treated with insulin, either as mono therapy, or in 
combination with oral medication in order to improve glucose control. 

35 
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Currently, there are two principal modes of daily insulin therapy, the first mode including sy- 
ringes and insulin injection pens. These devices are simple to use and are relatively low in 
cost, but they require a needle stick at each injection, typically 3-4 times or more per day. 
The second mode is infusion pump therapy, which entails the purchase of a portable but 
relatively expensive pump, for which reason the initial cost of the pump is a barrier to this 
type of therapy. Although more complex than syringes and pens, the pump offer the advan- 
tages of continuous infusion of insulin, precision in dosing and optionally programmable de- 
livery profiles and user actuated bolus infusions in connections with meals. Recently less ex- 
pensive infusion pumps have been proposed which may either be fully disposable providing 
only the most basic functions such as a constant basal rate, or infusion pump systems com- 
prising a disposable portion in combination with a durable control portion, where the latter 
may provide many of the more advanced features of the traditional pump. 

Early portable pumps were often intended for implantation which consequently resulted in a 
barrier for user access to the pump. To provide the user with means for controlling such a 
pump, US patent 4,146,029 discloses an implantable insulin pump device which can have its 
settings modified by extracorporeal wireless control means (e.g. using a RF-transmitter) so 
as to provide a selectable, programming capability. The same object is addressed in US pat- 
ent 4,559,037 which discloses a control device for wireless transmission of program instruc- 
tions to an insulin pump unit which may be either implanted or external to the body. The con- 
trol device may be used to select a desired basal rate, to select a given infusion schedule or 
to command the infusion of a bolus having a desired size and infusion profile. The disclosed 
control device may be programmable and may comprise a display. WO 00/10628 discloses a 
similar system in which a remote commander can be used to selectively activate a desired 
function in an external infusion pump device, e.g. delivery of a bolus, selecting a profile for 
the bolus, or selecting a basal infusion rate. The remote commander comprises a display al- 
lowing the user to visually confirm the values entered into the remote commander. 

The above-described "remote" control devices are primarily adapted for command purposes, 
i.e. to transmit user actuated program instructions to an infusion device being either im- 
planted or carried under the clothing. However, it has also been proposed to use a remote 
device in combination with an insulin infusion system for the purpose of providing the user 
with information associated with the performance of the infusion system. More specifically, 
US patent 5,569,186 discloses a closed loop infusion pump system comprising an infusion 
pump which responds to control signals from an implantable glucose sensor unit to deliver 
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medication as needed to the patient. The glucose sensor is associated with a telemetry unit 
transmitting glucose measurement signal information by means of radio telemetry to the infu- 
sion pump for closed loop operation thereof. The glucose measurements may alternately be 
transmitted to an externally located monitor in the form of a wrist-worn device. The monitor 
can be operated in response to information received and/or displayed from either the pump 
or the glucose sensor to thereby control pump operation through the use of radio telemetry 
signals. The monitor may be programmed to automatically adjust pump operation according 
to glucose measurements (i.e. the monitor is an integral portion of the closed loop system), 
or to recommend a treatment program to allow patient verification and manual initiation, or to 
simply display the glucose readings and permit manual entry of reprogramming commands. 

Similarly, EP 1 177 802 discloses a wearable self-contained drug infusion device which may 
be used in combination with a programmer in wireless communication therewith. The com- 
munication is preferably two-way which allows the programmer to transmit flow rate settings 
and other commands to the drug infusion device, and also allows the drug infusion device to 
transmit confirmation or these settings and commands back to the programmer. The return 
communication link also allows the drug infusion unit to transmit status information back to 
the programmer so that it can be displayed to the user on a display screen, e.g. the actual 
flow rate or insulin in the device. 

As appears from the above, remote monitors (or commanders) have been proposed for use 
in combination with drug infusion devices, which provide the user with status information in 
respect of the infusion device or a glucose sensor. However, this means (i) that either the 
user have to actuate the remote monitor device to provide transmission of current status data 
from the infusion device each time information is required, or (ii) the remote monitor and the 
infusion device have to be in constant or regular contact with each other to provide updated 
information. Neither of these solutions appears to be optimal. From the users point of view it 
would be desirable to have access to the information just at a glance without having to actu- 
ate any buttons, like when looking swiftly at a wristwatch. From the manufacturers point of 
view constant updating of the data information in the monitor device would require a rela- 
tively strong and thereby energy-consuming transmitter, e.g. a RF transmitter, as an auto- 
matic update function should ensure that the monitor can be "reached" even under the diffi- 
cult receiving conditions. However, even a strong infusion device transmitter would only be 
able to communicate with the monitor device when the two devices are within "normal" reach 
of each other, i.e. when the monitor is carried by the user. Thus, even the most reliable 
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transmission would not be able to cope with the situation that the monitor is not constantly 
carried by the user, which means that the user could be provided with incorrect non-updated 
information when the monitor is picked up after a certain period of time. 



5 DISCLOSURE OF THE INVENTION 
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Having regard to the above-identified problems and deficiencies, it is an object of the present 
invention to provide an indicating device (or "monitof) in combination with or for use in com- 
bination with a delivery device, in which the user has ready access to the desired information 
and which can be manufactured in a cost-effective manner. The latter requirement would be 
an important aspect for a disposable or semi-disposable delivery device for which it normally 
would be too expensive to incorporate "long-distance constantly transmitting" transmitter 



30 



means. 



More specifically, the present invention is based on the concept that the desired information 
can be provided by estimating actual values on the basis of known data. More specifically, an 
indicating device which can be carried conveniently by the user is provided with information 
in respect of the actual delivery taking place, on the basis of which the desired values can be 
calculated. 



Thus, in a first aspect the present invention provides a drug delivery system comprising a 
delivery device and an indicating device. The delivery device is adapted for delivering a drug 
from a reservoir into a body of a user in accordance with a delivery rate value or profile, and 
comprises means for providing data information (in the following also just data) to the indicat- 
ing device. The indicating device comprises means for receiving and storing data information 
from the infusion device, as well as timer means, where (second) processor means is 
adapted for calculating an estimated time-dependent value based upon the received data 
and time information, and associated with indication means (e.g. a display) for indicating a 
calculated value. The means for providing data information may in a simple form be "passive- 
means which can be read or activated by the indicating device, e.g. a bar code printed on the 
delivery device or an induction-activated IC, however, in exemplary embodiments the deliv- 
ery device comprises cooperating first processor and transmission means for transmitting 
data information to the indicating device. Indeed, is data transferred to the indicating device 
only when taking a new pump into use, then all subsequently displayed values will rely on a 
35 calculated estimate. 
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In an exemplary embodiment the first processor means is adapted for transmitting data rep- 
resenting an amount of drug currently contained in the reservoir (i.e. at the time when data is 
transmitted), and the second processor means is adapted for calculating a time-dependent 
estimate for the drug on the basis of the current amount, the time information, and an .nfu- 
sion rate value stored in the memory means. The infusion rate may be stored in the indicat- 
ing device (e.g. as a preset value or input by a user) or the rate may be transmitted as data 
from the infusion device. On the basis of these basic data it is thus possible to calculate an 
estimate for the amount of the drug infused at a given time, typically the current time. In case 
data representing an initial amount of drug contained in the reservoir is transmitted (or pre- 
set) it will also be possible to calculate the amount of drug remaining in the reservoir. In an 
exemplary embodiment, if the remaining amount of drug is below a preset level an alarm sig- 
nal will result (e.g. visual or audible). Instead of a constant rate, an infusion profile may be 
utilized, e.g. a lower or higher infusion rate may be used during pre-selected periods during 
15 the day such as during the night. 

As the estimated values are based on the assumption that the actual infusion takes place in 
accordance with the set rate, it may be desirable to provide the user with information as to 
when the data on which the calculations are based was transmitted to the indication device, 

20 i e updated. For this purpose the second processor means may be adapted for determine 
the time lapsed since the last data information was received, and for indicating information 
indicative of the time lapsed. The latter may take place in different forms, e.g. the actual time 
of the last update may be shown in combination with the estimated value or it may be indi- 
cated when a certain amount of time has lapsed since the last update, e.g. by a flashing 

25 value. 

Depending on the complexity of the respective devices, the update may be performed manu- 
ally or automatically. For example, for a simple configuration for the indication device, up- 
dates may be transmitted from the delivery device either automatically (e.g. every 5 minutes, 
30 every hour or at any other given interval) and/or manually when the delivery device is actu- 
ated by the user. An automatic update function would normally imply that the transmission 
means (such as a RF transmitter) is capable of reaching the indication device when the latter 
is located within the intended range, e.g. when worn or carried by the patient. In case short- 
distance transmission means (such as IR or induction) is used, it will normally be necessary 



6415.200-US 



Express Mail Label No.: EV 246876899 US 



for the user to bring the indication device within the reach of the transmitter and then actuate 
the latter. In both cases, the above-described information as to the last update will be useful. 

In a more complex configuration, the indication and delivery devices are adapted for two-way 
5 communication. In such a system the delivery device comprises receiving means for receiv- 
ing commands transmitted from the indicator device, and the indicator device comprises 
transmission means for transmitting commands to the infusion device in response to user 
actuation or controlled by the second processor means, whereby data transmission updates 
from the delivery device can be initiated by commands from the indicating device. In an ex- 
10 emplary embodiment, the commands are sent at predetermined intervals, e.g. every 5 min- 
utes or every hour or with any other desired interval. To save energy, signals which are "con- 
firmed" may initially be sent with low intensity which then may be increased until proper 
communication has been established. 

15 In an exemplary embodiment the indicating device further comprises user-actuatable means 
for inputting a bolus command, e.g. an additional amount of insulin typically taken at meal- 
time, where the second processor means is adapted for transmitting the bolus command to 
the delivery device, wherein the delivery device is adapted for delivering a bolus in response 
to the bolus command. In order to be sure that the bolus command is properly received, data 

20 may be returned to the indicating device confirming that the bolus command has been re- 
ceived, after which the second processor means can calculate time-dependent estimates for 
the drug utilizing the additional data information for the bolus command. 

To protect against disturbances from the outside or interference between different systems of 
25 the same time operating in the vicinity of each other, the first processor means may be 
adapted to transmit ID data information indicative of a unique infusion device. When the sys- 
tem is initialized (e.g. when the pump is refilled or a new prefilled pump is taken into use), 
this ID will be stored in the memory of the indication device and the second processor means 
will check the ID data information before storing updated data information in the memory 
30 means. Initialization may be based on data transmission from the delivery device, typically 
when it is started, or on commands from the indicating device, e.g. the delivery device may 
be started by a start command from the indicating device resulting in start of delivery as well 
as return transmission of ID data information. In case the delivery device is started without 
the indicating device being within reach of the transmitted signals, the delivery device advan- 
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tageously is adapted to be "re-started" to thereby transmit updated information to the indicat- 
ing device. 

The data stored in the memory means may also be displayed directly without serving as a 
basis for calculations. For example, for a given (short) period after update the displayed val- 
ues may correspond to the actually transmitted values, or the user may recall this information 
at any given time. In this situation, the display means may indicate whether actual or calcu- 
lated data is displayed. In an exemplary embodiment, the indication means is in the form of a 
display allowing continuous display of an estimated (or actual) value. 



As appears from the above description, the two devices of the system are adapted to coop- 
erate with each other, however, they need not to be supplied and/or marketed as a system. 
More specifically, an infusion device may be sold in which the transmitting/receiving capabili- 
ties are "hidden" for the user. The indication/command device may then be offered as an op- 
15 tional "remote" device in combination with which the "hidden" features of the infusion device 
can be activated or utilized. For example, when used alone the delivery device provides a 
basal delivery rate of a given drug whereas in combination with the indication/command de- 
vice a bolus function can be activated. 

20 Correspondingly, in a second aspect the present invention provides an indicating device 
comprising means for receiving data information, memory means for storing data information, 
timer means, processor means adapted for calculating an estimated time-dependent value 
based upon received data and time information, and indication means for indicating a calcu- 
lated value. The means for receiving data information may adapted to cooperate with "pas- 

25 sive" means which can be read or activated by the indicating device, e.g. a bar code printed 
on a delivery device or an induction-activated IC, however, in exemplary embodiments the 
indicating device comprises receiving means for receiving a remotely generated signal con- 
taining the data information. 

30 In exemplary embodiments the indicating device may comprise any of the above-described 
features for an indicating device as well as being adapted for cooperation with the corre- 
spondingly described delivery device, i.e. capable of transmitting and receiving the described 
data information. 
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The present invention thus provides an indication device and system which provides the user 
with ready access to the desired information and which can be manufactured in a cost- 
effective manner. However, the estimating feature of the invention also allows the system to 
be used in alternative ways which would not be possible with the above-described known 
systems. 

For example, a child who is using an infusion device for insulin delivery is going to the kin- 
dergarten or nursery school in the morning. Just before the attending parent leaves the child 
he/she gets the indicating device updated with the latest information from the infusion device. 
The parent is now able to follow the estimated amount of insulin left in the reservoir without 
being near the child and to get an alarm if the amount of insulin left in the reservoir is to low. 
Indeed, such a feature could also be realized using e.g. mobile phone technology, however, 
it readily appears that from a cost point of view, this would be expensive to implement. 

In the above description of aspects of the invention a system comprising two units are de- 
scribed, however, the indication device and system of the invention may also be used in 
combination with further components. For example, the indication device may be adapted to 
communicate (transmit and/or receive) with one or more additional components, either by the 
same or by additional communication means, e.g. IRfor short distance communication with a 
delivery device or other body-mounted devices such as a glucose sensor, and RF for longer 
distance communication with more remotely located components. The more remotely located 
components may e.g. be a local or distant computer system to which data is transmitted 
and/or received. 

As used herein, the term "drug" is meant to encompass any drug-containing flowable medi- 
cine capable of being passed through a delivery means such as a hollow needle in a con- 
trolled manner, such as a liquid, solution, gel or fine suspension. Representative drugs in- 
clude pharmaceuticals such as peptides, proteins, and hormones, biologically derived or ac- 
tive agents, hormonal and gene based agents, nutritional formulas and other substances in 
both solid (dispensed) or liquid form. In the description of the exemplary embodiments refer- 
ence will be made to the use of insulin. Correspondingly, the term "subcutaneous infusion" is 
meant to encompass any method of parenteral delivery to a subject. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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In the following the invention will be further described with references to the drawings, 
wherein 

fig. 1 is a schematic representation of a first embodiment of the invention, 
fig. 2 is a schematic representation of a second embodiment of the invention, 
fig. 3 shows a third embodiment, and 

fig. 4 shows a flow chart for a system corresponding to the third embodiment. 
In the figures like structures are identified by like reference numerals. 
DESCRIPTION OF EXEMPLARY EMBODIMENTS 

Fig. 1 shows a schematic representation of a first embodiment of the invention. Correspond- 
ingly, the configuration of the different structures as well as there relative dimensions are in- 
tended to serve illustrative purposes only. 

More specifically, a drug delivery system (here: infusion system) 100 comprises an infusion 
device 101 and an indicating device 102. The infusion device comprises an infusion unit 111 
having a drug reservoir and a pump adapted for infusing a drug into a body of a user in ac- 
cordance with instructions received from a first processor 121. The pump may be of the me- 
tering type, i.e. the amount of drug infused corresponds to the controlling signals received 
from the processor or the infusion unit may be provided with detecting means for determining 
the amount of drug actually infused. The first processor is associated with a transmitter 131 
for transmitting data information (in the following also just data) to the indicating device. The 
data comprises information as to initial amount of drug in the reservoir, the current amount of 
drug in the reservoir, the infusion rate and ID information identifying the given infusion de- 
vice. An energy source 141 is provided in the form of a battery. 

The indicating device comprises a second processor 122 associated with a receiver 132 for 
receiving data from the first processor, as well as a timer means 123 and memory means 
124 for storing the received data. The second processor is adapted for calculating an esti- 
mated time-dependent value based upon the received data and time information, and is as- 
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sociated with display means 112 for indicating a calculated value. The timer means will typi- 
cally be a quartz controlled clock device provided integrally with the processor in the form of 
a single integrated circuit (IC) which also comprises ROM memory for storing an executing 
program instructions as well as RAM memory for storing the received data information. An 
energy source 142 is provided in the form of a battery. 

The first embodiment is based on one-way transmission of information from the infusion de- 
vice to the indicating device. The data may be transmitted automatically at preset intervals or 
upon manual actuation of the infusion device. 

Fig. 2 shows a schematic representation of a second embodiment of the invention, in which 
like numerals are used to identify like structures. The second embodiment corresponds gen- 
erally to the first embodiment, however, the drug infusion system 201 comprises means pro- 
viding two-way communication between the indication device and the infusion device. 

More specifically, the indication device comprises a second transmitter 152 associated with 
the second processor for transmitting commands to the indicating device. Correspondingly, 
the infusion device comprises a second receiver 151 associated with the first processor for 
receiving the commands. 

The two-way communication may be utilized to make the indicating device the "controlling- 
unit. In this way every transmission of data from the infusion device is initialized with a re- 
quest command for transmitting data representing the actual state of the infusion device. In 
addition to the request command also the initially received ID data may be resend for control 
purposes. Further, bolus commands may be send to the infusion device. 

Fig. 3 shows a third embodiment of an infusion system 300 comprising means for two-way 
communication as described with reference to fig. 2. The system comprises an infusion de- 
vice in the form of a skin-mountable pump unit and a combined indication and command de- 
vice in the form of a portable "remote" unit. 

In the shown embodiment the pump is a prefilled disposable unit 301 comprising a single ac- 
tuation button 31 1 . The remote unit comprises a display 320 as well as first and second but- 
tons 312, 313, and may be adapted to be worn as a wristwatch, as a key-hanger or simply in 
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a pocket. The display comprises a first portion 321 for indicating an amount of a drug (e.g. a 
number of insulin units IU) and a second portion 322 for status and alarm indications. 

In a situation of use the pump device is mounted on a skin surface of the user and the start 
button is actuated. This may either result in data being transmitted instantly to the remote 
unit, however, in an exemplary embodiment actuation of the start button brings the pump in a 
"ready to be started" state awaiting a start command from the remote unit, however, should 
this not happen within a predefined period of time, the pump device may be adapted to start 
after this period. To transmit such a start command the command button 312 is actuated for 
a certain time (e.g. 5 seconds) after which initializing data is transmitted back to the remote, 
these data comprising e.g. pump unit ID, amount of drug contained in the reservoir and a 
preset basal infusion rate, however, the latter may also be set by the remote. After this pro- 
cedure the system is "up and running" with the remote displaying estimated (or actual) values 
for the amount of drug infused or left in the reservoir. 

Depending on the type of the transmission means, different update activities will take place. 
In case medium range transmission means (e.g. RF) is used, the remote unit may call for 
updates at regular intervals, e.g. every 5 minutes, whereby the remote unit quasi would dis- 
play non-calculated status information. In case no data is transferred (e.g. the distance is too 
large between the two units) the displayed values will be based on estimates and after a cer- 
tain preset period the display will indicate that it is time to update information. This may be 
done by bringing the two units within reach of each other and thereafter actuate the com- 
mand button 312. In case short range transmission means (e.g. IR or induction) is used, the 
two units are brought within reach of each other and the command button 312 is actuated to 
command an update of the data information. Between updates the displayed values will be 
based on estimates. If desired the display may indicate whether the shown value is actual or 
a calculated estimate. After a certain preset period the display will indicate that it is time to 
update information again. 

The remote unit 302 also comprises a bolus button allowing the user to infuse an additional 
amount of drug, for example of insulin at mealtime. When pressing the bolus button (e.g. one 
time for each IU) the display shows the corresponding amount. By actuating the command 
button 312 a combined bolus and update command is transmitted to the pump unit which will 
confirm that the bolus command has been received by transmitting updated data information 
together with confirm data indicating that the bolus command has been received and will be 
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executed. The updated data representing the amount of current drug in the reservoir will 
have been adjusted corresponding to the bolus. The buttons may also be used to toggle the 
display between different display states, e.g. showing an infused or remaining amount of 
drug. 

Fig. 4 shows a flow chart for a system corresponding to the third embodiment. More specifi- 
cally, the system is based upon medium range transmitting means allowing automatic update 
commands to be sent from the remote unit. The flow chart illustrates a situation of use after 
the initialization/start procedure has been completed. 

If the units are within communication range, the update command will result in data transmis- 
sion from the pump unit comprising a pump unit ID which will be read by the indicating de- 
vice. If the unit ID corresponds to the initially received ID then the update data is read and 
transferred to the memory from where it can be displayed as a non-estimated value. If the 
remaining amount of drug in the pump reservoir is below a given level a combined audio- 
visual alarm is activated. If the units are not within communication range, estimated values 
for the amount of drug infused or remaining in the pump reservoir will be calculated and dis- 
played based on previously received information. An alarm may also indicate that no update 
information has been received within a preset time period. In case means for de-activating an 
alarm function is provided, then the alarm function should be re-activated automatically after 
a preset period. 

As mentioned above, the units of the system may be supplied independently of each other 
which allows for a very flexible system. For example, a disposable pump unit can be used as 
a stand-alone unit which is mounted on the skin and started with a button. The disposable 
unit may work with a fixed default dose rate or may be programmed with a desired rate or 
profile using a remote unit. The system has a flexible architecture making it possible to ex- 
pand the system into a product family by varying one or both of the members. For example, 
the pump unit may be provided as a disposable unit offering a range of different drug vol- 
umes, a range of different adhesives, or a range of different basal rates. The remote unit may 
vary from a simple reservoir estimator and display unit, to a top-of-the-line unit with advanced 
programming facilities, e.g. bolus, change of basal rate, profiles, history log etc. The remote 
unit may be provided with additional input and output means allowing it to communicate with 
external computer- and/or expert systems, just as the remote unit may be used in combina- 
tion with a closed loop system comprising a blood glucose sensor. The remote unit may also 
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be incorporated into a more general "platform" such as a PDA, handheld computer, cellular 
phone or wristwatch. 

In the above description of exemplary embodiments, the different structures providing the 
5 desired relations between the different components just as the means providing the de- 
scribed functionality for the different components (processor means, transmitting and receiv- 
ing means, memory and timer means) have been described to a degree to which the concept 
of the present invention will be apparent to the skilled reader. The detailed construction and 
specification for the different structures are considered the object of a normal design proce- 
10 dure performed by the skilled person along the lines set out in the present specification. 



